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ABSTRACT

Experiments were performed to determine the feasibility of using
ALCAPP as one form of on-~line dfalogue.

Assuming the ALCAPP {(Automatic List Classification and Profile
Production) system iz in an on-line mode, investigations of those
parameters which could affect its stabiiity and reliability were
conducted. Fifty-twe full text documents were used to teat how type
of indexing, depth of indexing, the classification algcrithm, the order
of document presentation, and the homogeneity of the document collec-
tion would affe:t the hierarchical grouping programs of ALCAPP. Six
hundred abstracts were used to study the effect on document =lusters
vwhen more doecuments are added to the data base and the effect on the
final cluster arrangement when the initial assignment of documents to
clusters is arbitrary.

Results reveal that the only time significant differences in the
classification of documents does not occur is when the order of docu-
ment presentation is varied. Final clusters are significantly affected
by the initial assignment of documents to clusiers. The number of
documents added to a data base allows stability »f clusters only to a
cutoff point which is some percentage of the original number of docu-
ments in the data base,
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SECTION I
INTRCDUCTION

Just as a library divides its collection of bhooks into suvject categcries,
so must an automated system organize its files into sections to achieve
efficient storage and retrieval. However, 1f the classification £
documents in an autcmated system is done manually, some of the advantages
of the high-speed camputer are lost, due to the delays in preparing the
input. This prohlem has been recogrized by researchers, and a number of
attempts have been made to devise a classification algoriihm thet would be

both reasonable and ecoromically feasible.

In traditional classificatizn systems, skilled librarians classify
documents into categaries on the tasis of subject content. In an

automated system, where the work of classification must be carried out

by computers and not by people, class membership is determined on the

basis of the words conteined in the document or in a list of index terms
ascribed to the docupent. This is a radically different principle, but

it is a reasonable ope. Ideas are expressed irn words, and documents on
differeat topics will use different sets of wards to exrress ideas.

It follows, therefore, that documents can be ordered into classes on the
basis of similarity ar differences in vocabulary. It is further postulated
that classifying docume~ts in accordance with the principle of similar ward
usage vould result in a classification system apalogous to, tut not L{dentical
with, traditional sublect categories apl one that would be usable oy beoth

ren and oechines.
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A number of mathematical techniques for deriving ciassification systems
have been suggested. These include clump theory, factor analyses,
latent-class analysis, 4'scrimination analysis and others. References
to these techniques slong with & brief description may be found in
Automated Langusge Procesgipg (Borko, 1567). In general, all of the
above pr-cedurer requiie lengtny computation and the amount of computer
time increases oy some factor, either the square or the cube, of data
base size. As a result, these sophisticated taxonomic techniques are

smpractical when applied to large data bases.

Lauren Doyle (1966), in a research project supported by the Rome Air
Development Center, devisea a procedure for breaking this impasse, and he
described a method of automatic classifice’ion that uses camputer time
in direct proportion--as a logoritimic function--to the number of items
in the base. The progrars, called ALCAPP (Antomatic List Classification
and Profile Production), are based upon the techniques of Joe Ward

(Ward and Hook, 1963). Doyle's work was a major methodological
contribution; Tor i1t removed a great obstacle from the path toward

practical automatic document classification.

The current project was a continuation of the study of automatic
classification techniques and had as its major tasks:
(1) To investigate the statistical reliabilities of the ALCAPP

algorithms.
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(2) To evaluate the effectiveness of the machine-produced classification
hierarchy as an aid in predicting document content and as an
adjunctive retrieval tool in an on-line time-shared system.

(3) To recode the ALCAPP programs for operation on the GE 635 computer

which is available for use at the Rome Alr Development Center.
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SECTION II

SELECTION OF THE DATA BASE

Since the RADC comtract, under whose sponsorship these studies were
conducted, did not specify the subject content of the data base, it

was decided to use documents in the field of information science.

The main advantages are that these documents are readily available at
System Development Corporation and that SDC employs a number of experts
in this area. If necessary, there people could be used to evaluate
the ressonebleness of the data processing results, e.g., indexing and
classification, and the effectiveness of the system. On the negative
side, lnformation science does not have a well-specified thesaurus or

authority list of terms for use in indexing.

After consultation with the contrect monitors at RADC, it was agreed
that the advantages of using a data base of informaiion science materials
outweighed the disadvantages. With their concurrence, the following
documents were selected:
(1) The full text of the 52 papers that were printed in the
Proceedings of the 1966 American Documentation Institute Annual
Meeting (Bleck, 1966).

(2) The abstracts of 600 other documents in the field of information

science.

- e




Simplified keypunching rules were specified by the contractor

and approved by the monitor (see the Appendix). The entire

data base--that is, both the 52 documents and the 600 abstracts.--was
keypunched in accordance with these rules and was thus made available
for computer processing. The 52 full-text documents were used tc

study the reliability and consistency of the automatic classification
procedure. A subset of these documents vas used in the experiments
Judging the incremental value of the classification hierarchy in
predicting document content and relevance. The abstracts were used

to study the stability of the classification categories as new documents

are added to the data base.
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SECTION III
PREPARATION OF WORD LISTS

The date used as input to the classification programs were lists of
index terms derived from the documents, and not the documents themselves
or their natural language abstracts. By indexing each document both
manualiy aui . machine-aided methods, the type and quality orf the
indexing was varied. The length of the word lists was also varied by
creating lists of 6, 15, and 30 terms each. Thus, it was possible to
determine the effect that the type and depth of indexing would have on

the reliability and consistency of the resulting classification systems.

1. PREPARING WORD LISTS FROM THE 52 FULL-TEXT DOCUMENTS

The 52 full-text documents were to be used to investigate the effect of
indexing type and indexing depth on the reliability and consistency of
the ALCAPP classification procedures. To do so, each document was

indexed by eix different procedures as follows:

Human Indexing 30 terms
Human Indexing 15 terms
Human Indexing 6 terms

Machine-Alded Indexing 30 terms
Machine-Aided Indexing 15 terms

Machine-Aided Indexing 6 terms




a. Human Indexing
The "huwran indexing"” was done by trained librarians from the SDC library
staff. They were given coples of the 52 documents and asked tc asiign
30 eppropriate subject headings. They were asked to use & free vocabulary,
since no authority list was avellable. They were alsc instructed to arrang?
the terms in a rough order of importance, so that, for each document, the
first 6 terms, the first 15 terms, and the complete list of 30 terms could
be used separately for different phases of the experiment. In some instances,
the indexers found it impossible to list 30 terms, and shorter lists were

accepted.

Since there were nc controls over the vocabulary, some editing was necessary
in order to achieve a degree of consistency and compatibility. The index
terms were keypunched, and sorted alphabetically, by frequency, and by
individual document. These lists were returned to the indexers far

editing and modificstion. Variations in the use of plural and singular
endings were changed, e.g., COMPUTER was changed to COMPUTERS; certain
modifiers were dropped, e.g., MAGNETIC TAPE STORAGE was changed to

MAGNETIC TAPE; word order was standardized, e.g, ABSTRACTING, AUTOMATIC
become AUTGMATIC ABSTRACTING; near synonyms were combined, e.g., AUTHORITY
LISTS was merged into AUTHORITY FILES; and some namer were abbreviated, e.g.,

COMMITTEE ON SCIENTIFIC AND TECHNICAL INFORMATION became COSATI, etc.

The sole aim of the editing was tc achieve consistency in the use of
terms for this experiment. It was pot our purpose to create a generally

useful lexicon, No attempt wes made to combline generally similar terms




into a single concept if the indexer believed them to be separate, so
that ALGEBRA, ABSTRACT and ALGEBRA, MODERN were retained as separate
terms. Similarly, if a single document was indexed by both COMMUNICATION

and COMMUNICATION OF TECHNICAL INFORMATION, both terms were retained.

For mechanical reasons and in order to reduce computer processing time,
each term was truncated at 15 alpha characters. In those instances where

truncation could cause ambiguity, the numeric digits, 1, 2, 3, etc.,
vere added to insure uniqueness.

b. Machine-Aided Indexing
While it was not the purpcose of this study to devise methods of automatically
indexing textual material, the project staff did process the documents in
the data base and prepared wvord lists as aids in the selection of index
terms. Bach of the 52 complete documents was processed individually to
create an alphabetical list of all words used in the text, together with
their frequemcy of occurrence. This basic 1list was then reordered so that
the word with the highest frequency would be listed first and the others
would follow in descending order. Then, using an available routine that
would cambine plural and singular forms of the same root, the alpuabetically
ordered 1ist was rerun and words with the same root combined. Next the
individual 1lists of all 52 documents were merged, creating a unified
frequency-ordered list in wvhich singulars and plurals vere combined. An

alphabetically ordered listing was also obtained.

~
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MANUAL INDE/ING

DOCUMENT NO. 1:  Progress in Internal Indexing®

information storage and retrieval
systems

indexing

automatic indexing

indexing, manual

abstracting and indexing services

subject indexing

computers--applications

camputers--applications--writing and
editing

content analysis (computers)

machine translation

cataloging of technical literature

computers--machine-readable text

computers--research

information science--research

cataloging

documentation

data processing systems--libraries

computcers~-applications--libraries

report writing

research--indexes

congresses and conventions--
abstracting and indexes

books-~abstracting and indexes

word files

sentence files

punched cards

sentence entities

recursive procedures

indexing term selection

term dictionaries

internal indexing

Filgure 1. Manual] Indexdng of Document No. 1

vefore Truncation

lHnloney, C. J. and M. B. Bpstein. Frogress in Internal Indexing.

(Black, 1966)
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MACHINE~AIDED INDEXING

DOCUMENT NO. 1: Progress in [nternal Indexing2

tem
index
word
dictionary
sextence
table
text
ontput
computer
file
character
report
input
tape
program

Figure 2.

(Zlack, 1966)

machipe
list

core
systen
memoxry
internal
bits

user
external
context
cards
purged
publication
format
coordinate

Machine-Aided Indexing of

Document No. 1

“Maloney, C. J. and M. L. Epstein. Progress in Internal Indexing.




MACHINE INDEXING: ABSTRACT

Title: Identifying and locating Standards

1. standard 16. quality

2. subject 17. symbol

3. number 18. LSCA (abstractor's code)
L, type 19. identification
5. report 20. deal

6. aseociation 21. produced

7. pational 22. difficulty

8. organization 23. microfiche

9. erea 24. image

10. internstional 25. cover’

11. requirement 26. practice

12. individual 27. initial

13. code 26, firm

1k, identify 29. =ncountered
15. librarian 30. specification

Figt ve 3.

Example of Machine-Aided Indexdng
of an Abstrasi




The task of the editor was to select 30 words for each of the 52 documents
for input to the Hierarchical Grouping Program. BEach list hed to be 80
arranged that the first 6 terms and the first 15 terms could themselves
constitute lists for processing. Using these various computer prepared
printcute, Lhe editor was able Lo make the salection reascnably efficiently,

and tc prepere the lists for subsequent computer processing.

2. PREPARING WORD LISTS FROM THE 600 DOCUMENT ABSTRACTG

The 600 document abstracts were used in the experiments designed to test
the stability of the groupings vhich result from the application of the
Qluster Finding Program. Word lists had to he prepared from each of the
abstracts for imput to this program. These lists were prepared by
camputer analysis on the basis of frequency of word occurrences and then
minimally edited by the investigators. The abstracts vere not indexed
manually, since our objective was not to determine vhether there would
be differences in the clustering due to dilferences between manual and
machins indexirg. The extent of such differences would be determined
more precisely in the hierarchical structuring experimemts, using full
documents. With the 600 adbstracts, our orly purpose wvas to oeasure

the stability of the resuiting clusters, and for this purpose ve used

lists of 0 terms preparad by cosputer analysis of the adbstracte.
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SBECTION IV

MEASURING THE RELIABILITY AND CONSISTENCY OF THE ALCAPP SYSTEM

A classification system 1s cousidered to be reliable if documents

classified into & glven category will be classified into ihat same category i
on subsequent trials. If the system is not reliable and the document |
classifications vary, classification will not be a useful adjunct to |
retrieval. Reliability and consistency are necessary, but not sufficient,
conditions for a useful classification system. Therefore, the first

series of experiments were dasigned toc investigate the reliability and

consistency of the ALCAFP system and the variables that arffect the

relisbility of the automatic cleassifications.

l. DESCRIPTION OF THE HIERARCHICAL GROUPING PRCGRAM

It 18 obvious that different claseification procedures will result in
different classification structures. The Library of Congress Classification
schedule differs fram the Dewvey Decimal, and clearly a machine-derived
system will differ from both cf these. The task of thie project was to
determine the statistical properties of the ALCAFP method of mazhine

classification, and not compare it with manual methods.

Machine classification 18 based an the assumption that documents
containing more vwords in commaon are more cimilar to each other ir coatent
than are documects vhich have fewer words in common. PEach document is
represented by a gurrogate or list of index terms. As was pointed out

in the previous section, these index terms could Le derived either manually

or by machine. The ALCAPP prograzs begir by comparing these lists and
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counting the numbher of identical terms in each pair. It constructs

a matrix--or rather & half matrix, since the data are symmetric around
the diagonal--in which each cell contains the number of terms the

two word lists share in common. In this study, 52 document, index
lists were compered, so the actual number of comparisons is

5_2_’.5_.)_1 - l, 326‘

The progrsr: searches the matrix and finds the largest cell value,

i.e., that pair of documents with the most terms in common. In

case of tie, the first value is chosen. These two documents-~let’s call
them Di and DJ--are now chosen to be the first pair in the hierarchical
classification structure. This completes the first ilteration of the

program.

In the second iteration, documents 1 and j have hbeen eliminated and
combined in%to one velue--call it Gi' A new matrix is created of order
N-1, or 51. Documents i1 and j are excluded, but in their place is a

new vector Gl' The program now calculates the similerity of the
remaining documents to Gl and places this value in the eppropriate
cell. It then searches the matrix for the highest value. This value
can represent the slmlilarity of two documents, as was the case in the
first 1lteration, or it cen represent the similarity of a document with
G:. If the forumer is true, the two documents will be combined teo form

& new group of two, wbile in the latter instance, a third decument will

-—
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ve added to the first group. In either case, the new group is called

Ga, and the program has completed the second iteration.

To complete the entire hierarchical grouping struicture, one less
iteration than there sre documents in the set will be required. The

last iteration will form a single group contalning the entire

collection.

A mathematical description of the classification process cen be found
in the documents by Ward (1959), Ward and Hook (1963), and Baker (1965).
By using the same basic technique but varying the function used to

caelculate similerity, different hierarchical structures can be formed.
(Figures 4 snd 6 are examples.) The program can alsc label the nodes
of the structure, thus providing an indication of the common elements

that link the documents together (see Figures 5 and 7 as examples).

2, MEASURING CLASSIFICATION SIMILARITY

Classification similarity is measured by means of a distance matrix
that provides a measure of the distance separating each document from
every other document in the classification system. This procedure is
used to provide e rigorous measure of the reliebiiity and consistency
of automatic classificetlion under d!fferent laboratory conditions.

For these purposes a small, intensively anslyzed sample of 52 documents

was consldered.
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1

literature
relerence
library
subject
search

group
literature
poper
reference
form

facet

group
classification
thesaurus
literoture

classification
group
automatic
coordinate
documentation

classificotion
thesourys
category

€JC

group

word
program
time
subject
list

similarity
matrix
outomotic
classification
data

descriptor
EXC
section
thesourus
technicol

dictionary
longuoge
word

term
retrieval

dictionary
citation
rule

tool

fanguoge

dictionary
tope

bigt

ode
formot

Citation
titeroiure
title

form

1ist

publicotion
sentence
text

format

tope

Figure 5.
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AIERARCHIC AL CLUSTERING SCHEME 2

14 tope 27 qguestion
page research
publication concept
sentence test
weode onclysis

15 cooe 28 terms
text chemicol
character evoluation
font axpariment
i put ieve!

16 storoge 29 expeviment
card terms
requesr abstroct
file question
question search

17 request 30 terms
example chemica!
figure experiment
requestcr answer
Synony n concept

18 request 31 model
record distribution
card figure
slorage question
vook analysis

19 question 32 distribution
search factor
request mode!
research sot
subject significant

20 question I3 set
search significant
retrieval voriable
information method
computer result

21 information 24 imoge
system microfiche
document occess
index microvtim
user file

22 longuogse 35 image
request microfilm
subject frome
search keyboord
term microfiche

23 exomple 3 microfilm
synonym filem
figure frame
relatiorship i moge
value microfiche

24 cotalog 37 orticle
item keyword
material content
moachine 1ourng!
record title

25 engineer X intermt
concept profile
science subsystem
shudy category
project orticle

26 concept M sser
termg data
reveorch tibrary
orgwer sbstiact
chermico: interent

Hierarchical Clustering

Scheme 2

40

41

42

43

47

49

50

51

sheet
subsystem
interest
profile
file

interest
notification
SO1

sheat
statistics

sheet t
subssten
interest
'ibrary
dato

orgonization
seientific
vocooulary
need
technical

scientific
rieed
orgenization
vocobu lory

science

nead
scientific
center
service
dissemingtion

need
scientific
service
tachnicol
user

center
need
problem
result
service

center
service
need
technicel
obs ract

focility
poper
languoge
file

date

education
focility
volue
languoge
poper

information
iyttem
index
document
retrigsq’
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library
subjact
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2 group
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. reference
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3 facer
group
classification
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literoture

4 closiification
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automatic
coordinate
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In these experiments, the distance matrix was a symmetrical matrix of

order 52, for we were using 52 documents. The number in each cell
(the intersection of each row and column) represents the number of
the level at which the two documents are joined. A distance matrix
vas computed for the 12 documents distributed on the hierarchical
clustering scheme, as illustrated in Figure 4. The half-matrix of

distences is shown in Figure 8,

Once the distance matrices have been computed, it now becomes possible
to determine the degree of similarity between any or every two matrices
by correlating the respective columns. Thus, it also becomes possible
to measure the importance that such variables as the depth or type of

indexing would have on the similarity of the resulting classifications.

3. VARIABLES RELATED TO CLASSIFICATION SIMILARITY

What makes one classification scheme similar to another? What variables
affect the degree of similarity between two classification schemes?

These studies were designed to shed some light, in the form of statistical
data, on the intuitive answers that are usually given to the above

questions.

Based upcn a loglcal analysis, the following five variables are believed
to be related to classification similarity:
(1) The Lomogeneity of the document collections.

(2) The classification procedure, or algorithm, beirg used.
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(3) The type or quality of indexing--whether it be term or concept
indexing.
(4) The depth of indexing used.

P e 8 N gl T

(5) The order in which the documents are processed.
These variables were compared systematically in order to determine their

effect an the resulting classification structures.

a. The Homogeneity of the Document Collection
One of the variables that could affect the reliability of the classifi-
cation procedure is the homogeneity or diversity of the document
collection. To test the effect of this variable, we would need four or
five different document colilections, and these caollections would have tc¢
span & range from a parrow hard science coliection, such as salid state
physics, through perhaps the bhroeder field of geology on to the still
broader field of social sciences. This project is basically a pilot
study, and because of time and cost constraints, we decided not to
maripulate the data hase as a variable in this experimental decign.
Instead, ve kapt the xmogenelty factor constant by limiting the
analysis to the field of informaticn aclence documentation. The selected
ccllection of docunments probatly constitutes a mid-range position on the
scales of diversity and hardness cf data, for {t covers a aingle,

relatively homogensous but broad subject area in the soc'al sciences.

| e ,,__M
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b. The Classification Algorithm
In the course of SDC's research program on automated classification,
a number of different algorithms have been developed. While all of
them use basically the same technique described in Parsgraph 1, they
do differ in the averaging function used--the mathematical formulas

for computing a value of group similarity.

Two such algorithms seemad particularly worth investigating and
comparing. These were arbitrarily called WD-2 and WD-3 in a sequence

of modifications. The WD-2 algorithm maximizes the within-group
similarity function and puts a premium on preserving the homogeneity

of groups that have already beer: formed. The WD-3 algorithm takes

an opposite approach snd combines lists that have a minimm dissimilarity

as contrasted with a maxiomm simi{larity.

While 1t might appear on the surface that these functions should
perform similaily in forming groups, this need not be the case, far
the program examines different dsta (see Figures 4 and 5). By
including both programs in the experimental design, it vas possible

to compare the form and relfabilities of the clessification structures,

c. The Type (or Quality) of Irdexing
The documents to be classified were indexed by qualified librarianc
vho were .nstructed to use multi-word concept or subject indeting.
In additicn, these same documents vere indexed by key vords using

machine-alded selection techniques. Obviously, the lists differ.
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The question being investigated is: Do classification systems
based on human indexing differ aignificantly from classification

systems Lased upon machine-aided indexing?

d. The Depth of Indexing
Since the inputs to the classification program are lists of wards,
it vas impartent to investigate the effect that different-sized lists
would have on the reliability of the classification structure. In
arder to test the effect of this variable, different length lists,

containing 6, 15, and 30 terms each, were used and varied systemstically.

e. The Order of Document Presentation
In the description of the hierarchical grouping progran (Paragraph 1), it
vas explained that, although the progrem cambined documents into groups
bty searching the similarity matrix for the highest cell value, when
more than one cell had the same value, the first position was used to
form the group. As a result of the procedure used, the order in which
the documents are processed could affect the final iierarchical

classification structure.

A series of experiments were designed to determine whether the order
of docunent presentation would csuse significant d.tferences. The 52
documents wvere arranged in three different orders for input to the
computer prograz, The documents were numbered fram 1 to 52. The
first order arranged the documents in & ~ending numerical value. The

seccnd order was the reverse, vith document number 52 being
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processed first. And the third order was a random arrangement of
the documents. For each of these three arrangements, hierarchical
groupings of the 52 documents were computed and their structures

compared for similarity.

L. THE EXPFRIMENTAL DESIGN
The aim of this set of experiments was to investigate the ~eliabllity
and consistency cf eutomatically derived classification hierarchies,
as selected attributes are varied in a controlled fashicn. The four
selected attributes are:
(1) The classification algorithm:

WD-&

WD-3
(2) The type of document indexing:

M = machine-aided

H = human
(3) The depth of indexing:

6 terms

15 terms

0 terms
(%) The order af docuzent imput for processing:

01 = ascending order 1-52

02 = descending order £2-1

03 = random order




In nrder to vary the sttributes systematically, under all possible

conditions, 36 hierarchical clascification structures were required
(2x2x3x3). Figure 9 lists all 36 classificstion metrices and the

narticular attributes that were used in their comstruction.

Once the clessification structures seare derived by machine processing,
the information contained therevir was transformed into sets of distance
matrices, which were, themselves, correlated. The outcome of the
correlation program was a 36 x 36 matrix, in which the rows end columns
are the 36 different classification structures, and a cell value is

the correlation ccefficient indicating the similsrity between the palr
of classification schemes. The complete correlation matrix is

~eproduced as Figure 10,

The following criteria were used in interpreting the correlation

watrix:
(1) Eigh Similarity r=./0 to .99
(2) Moderate Similarity 40 to .69
(3) Slight Similarity 20 10 .39
(4) No Similarity .00 to .19

These numbers and ranges are useful in making conmparative judgments

and not for absolute scalar judgments.

C o Beeisma




O W N W N

s
o

11
12
13
14
15
16
17
18

-27-

Algorithm Type Depth Order

Algorithm Type Depth Order

WD-2 M 6 01 19 WD-2 l H
WD-2 M 15 01 20 WD-2 H
WD-2 M 3C 01 21 WD-2 H
WD-3 M 6 01 22 WD-3 H
WD-3 M 15 01 23 WD-3 H
WD-3 M 30 01 24 WD-3 H
Wb-2 M 6 02 25 WD-2 H
WD-2 M 15 02 26 WD-2 H
WD-2 M 30 02 27 WD-2 H
WD-2 M 6 03 28 WD-3 H
WD-2 M 15 03 29 WD-3 H
WD-2 M 30 03 | 30 WD-3 H
WD-3 M 6 02 31 WD-2 H
WD-3 M 15 22 32 WD-2 H
WD-3 M 30 02 33 WD-2 H
WD-3 M 6 03 34 WD-3 H
WD-3 M 15 03 35 WD-3 H
WD-3 M 30 03 35 WD-3 H

01
01
01
01
01
01
02
02
02
02
02
02
03
03
03
03
03
03

Figure 9. (Classification Structures Showing
Systematic Variation of Attributes




Flgure 10.

Array 1 2 3 4 5 6 7 10 11 13 14 15 16 17 19
1 100 18 20 28 16 4 84 78 ) 37 19 3 35 16 -1
2 18 100 21 15 46 14 23 19 53 21 43 16 16 43 2
3 20 21 100 11 20 26 21 22 32 17 28 23 13 92 6
4 28 15 11 100 24 31 38 48 21 86 26 30 96 97 1
5 16 46 20 24 100 & 18 15 54 26 84 54 28 gs 3
6 4 14 26 31 55 100 3 6 24 27 55 87 33 45 2
7 846 23 21 38 18 3 100 90 26 51 22 345 21 3
8 2658 24 22 41 17 30 31 48 3% 39 18 24 35 2
9 18 28 74 12 32 25 20 20 49 19 39 29 13 38 5
10 78 19 22 48 15 6 90 100 23 66 21 7 53 19 1
11 200 53 32 21 s4 24 26 49 23 100 30 61 27 22 63 5
12 21 24 57 19 33 28 23 61 26 52 25 38 35 21 37 8
13 37 21 1 8 26 27 51 19 60 30 100 31 27 87 31 2
14 19 43 28 26 84 585 22 39 21 61 31 100 53 30 89 5
15 3 16 23 30 54 87 3 29 727 27 53 100 31 44 2
16 35 16 13 9 28 33 45 13 33 22 87 30 31 100 29 2
17 16 43 22 27 85 45 91 38 19 63 31 89 44 29 100 4
18 2 15 26 27 55 9] 1 28 5 25 24 5 95 29 46 3
19 -1 2 6 1 3 2 2 5 1 5 2 5 2 2 4 100 3
20 8 -1 5 2 2 0 9 5 6 6 5 2 1 2 2 30 10
21 2 1 1 4 2 3 9 1 -2 1 2 4 2 4 4 5 1
22 -7 -2 -1 19 2 -1 2 2 5 1 17 2 -2 15 6 33 2
23 -6 -3 -1 17 3 -2 3 1 5 1 15 5 0 14 7 30 3
24 3 -1 -4 4 7 3 0 -2 0 3 4 8 1 4 7 6 1
25 2 -4 0 1 -3 -3 3 1 2 -3 0 -3 -3 | A 64 3
26 702 2 -1 -3 -2 3 3 6 1 2 -3 -1 0 -3 30 6
27 2 1 0 5 5 4 9 0o -2 2 37 3 5 6 6 1
28 -9 -2 0 22 3 1 1 2 5 1 19 3 0 18 7 33 2
29 -8 -2 -2 20 5 0 -1 1 1 2 16 f 1 17 9 27 3
30 3 -1 -4 4 7 3 0 -1 0 4 4 8 2 4 7 7 1
31 7 -3 3 2 ¢ .2 3 2 7 0 1 -1 -3 2 22 00 2
32 7 -1 4 5 1 010 5 7 5 7 1 0 5 ! 3 8
33 21 -1 4 s 4 -1 -2 2 2 7 3 4 6 6 1
34 -7 -3 <1 20 0 -2 2 1 6 0 18 0 -2 16 4 31 1
35 -8 -1 -1 15 9 1 -1 2 1 3 12 11 2 13 14 26 3
36 3.1 -4 4 7 3 0 -1 0 4 4 8 2 4 7 7 1

Intercorrelation Matrix of 36 Classific




17 18 19 20 21 22 23 24 25 2% 27 28 29 30 31 32 33 3 35 36
16 2 -1 8 2 -7 -6 3 2 7 2 -9 -8 3 7 7 2 -7 -8 3
43 15 2 -1 1 -2 -3 -1 =4 =2 1 -2 -2 -1 -3 -1 1 -3 -1 -1
22 24 6 5 1 -1 -1 =4 0 2 0 0 -2 -4 3 4 -1 -1 -1 -4
27 27 1 2 4 19 17 4 1 -1 5 22 20 4 2 5 4 20 15 L
85 55 3 2 2 2 3 7 -3 -3 5 3 5 7 0 1 5 0 9 7
45 91 2 0 3 -1 -2 3 -3 -2 4 1 0 30 -2 0 L2 1 3
21 1 3 9 0 2 30 3 B 0 1 -1 0 7 10 -1 2 -l 0
35 15 2 -2 1 1 -1 =<1 -4 =3 0 1 0 -2 0o -3 1 1 0 -2
38 28 5 5 1 2 1 -2 1 30 2 1 -1 2 5 1 1 2 -1
19 5 1 6 -2 5 5 0 2 6 -2 5 1 0 7 7 -2 3 1 0
63 25 5 6 1 1 1 3 -3 1 2 1 2 4 0 5 2 0 3 4
37 3 8 12 -2 -2 -1 -4 0 5 0 -3 -1 -3 1 11 -1 -3 -1 -3
31 24 2 5 2 17 15 4 0 2 3 19 16 4 1 7 2 18 12 4
8 54 5 2 4 2 5 8 -3 -3 7 3 f 8 -l 1 7 0 11 8
44 95 2 1 2 -2 0 1 -3 -1 30 1 2 -3 0 3 -2 2 2
29 29 2 2 4 15 14 4 1 0 5 18 17 4 2 5 4 1 13 4

100 46 4 2 4 6 7 7 -4 -3 6 7 9 7 -2 1 6 4 14 7
46 100 3 1 4 -1 0 2 -3 -1 6 1 1 2 -2 0 6 -2 2 2

4 3 100 30 5 33 30 6 64 30 6 33 27 76 36 A3l 26 7
2 1 3 100 11 20 39 11 3 2 16 20 31 11 29 8 1l 19 o1
4 4 5 11 100 f 10 36 i L3 9] 7 11 3¢ f 10 %9 7 i 3¢
6 -1 33 20 6 100 69 24 35 15 795 A3 26 39 21 7 98  +0 20
7 0O 30 39 10 69 100 33 33 32 12 71 8 33 2~ 39 3 70 8 33
7 2 6 11 3 24 33 100 4 11 3% 26 30 100 4 73525 3. 100
-4 -3 64 34 7 15 33 4 100 35 5 34 23 4 7 38 6 3. 21 .
-3 -1 30 62 13 15 32 11 35 104 12 14 28 12 2r 64 12 15 27 12
6 6 6 10 91 7 12 34 s 12 100 8 13 35 5 & g7 7 1 35
7 1 33 20 7 95 71 206 34 la g 100 ©5 26 37 21 8 95 3 26
9 1 27 31 i1 &3 83 30 23 28 13 S 100 30 17 3l 13 e5 B8 30
7 2 7 11 36 24 33 100 4 12 35 2r 30 100 . ¥ 15 25 3. 100
-2 -2 6029 o390 26 475 2 5 37 17 S0 3 A I B
l 0 36 86 10 21 39 7 3¢ 64 R 21 31 N 3. 190 9 2i 3. k!
b 6 611 89 71305 6 12 97 R 1301 . Q100 S 3n
4 -2 31 19 7 98 70 29 3¢ 13 7 45 n9 25 =0 21 IRV "2 2n
14 2 26 34 13 60 85 34 21 27 15 +3 By 14 i’ 3 o &2 100 3L
7 2 7 1 36 24 33 1o A 1 25 2n 300 T S by s 2 ¥ 100

d x ot 36 Classification Structures




In addition to the entire 36 x 36 matrix, which coatains 1,296
values, sections of the matrix are presented below in tabular form as
these data relate to the attributes being investigated.

a. The Effect of the Classification Algorithm--WD-2 or WD-3--

on the Reliability of the Classification Structure

Since, as was discussed In Paragraph 3b, the algorithms used in the
WD-2 and WD-3 programs are different, it was desirable to investigate
the degree of similarity between the classification structures that
result from their use. Would those different machine procedures yleld
very different or very similar classification structures? The results,
recorded in the last column of Figure 11, list the values of the
correlation coefficient as varying from .28 to .63. These figures
indicate that there is a slight to moderate degree of similarity
between the structures derived by the two classification procedures,
These results are in accord with our intuitive expectation, and they
reinforce our notion that, even though the inputs are the same,
differept machine classification algorithms will result in different
document groupings--the degree of similarivy being dependent upon
the similarity of the procedures used. This last statement should
perhaps be modified somew~hat, for the data seem to suggest that
machine classification based upon machine-derived index terms is
slightly more reliable than is machine classification based upon

concept index terms. However, this is only a tentative Jormulation,
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A B c D E F
Classification Type of Depth of Order | Matrix | Correlation
Algorithm Indexing Indexing Pair
Pairings

WD-2&3 M 6 01 1-4 .28
WD-2&3 M 6 02 7-13 .51
WD=~2&3 M 6 03 10-16 .53
WD-2&3 M 15 01 2-5 . 46
WD-2&3 M 15 02 8-14 .39
WD -2&3 M 15 03 11-17 .63
WD-2&3 M 30 01 3-6 .26
WD -2&3 M 30 02 9-15 .29
WD -2&3 M 30 03 12-18 .34
WD -2&3 d 6 01 19-22 .33
WD-2&3 H 6 02 25-28 .34
WD-~2&3 H 6 03 31-34 .40
WD-2&3 H 15 01 20-23 .39
WD-2&3 H 15 02 26-29 .28
WD-2&3 H 15 03 32-35 .34
WD-2&3 H 30 01 21-24 . 36
WD-2&3 H 30 02 27-3C .35
WD-2&3 H 30 03 33-36 .35
Figure 11. Correlation of Classification Structures

wher the Classification Algorithm Is

Var.ed
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based upon the fact tha